Abstract This paper applies the isotopic field-charge spin theory (Darvas, IJTP 2011) 
Introduction
The paper starts with discussing the role of the isotopic electric charges in classical EM (sec.
2), then the same in QED (sec. 3), finally, we introduce a kinetic field (D, in sec. 4). We discuss the results (the magnetic and electric moments) in a semi-classical case, finally the contribution of the kinetic field to the magnetic and electric moments (sec. 5). [12, 14] developed a general field-theoretical model for the conservation of the isotopic fieldcharge spin, applicable to different kinds of interaction. It is based on the qualitative distinction between two types of the source charges (e.g., gravitational and inertial masses, etc.) of any physical field, and if so, it assumes interaction between the isotopes of the two types of field-charges (cf., Motto). In 2011, the author started to specify the model to individual interaction types. Certain elements were predicted in a phenomenological way earlier [10, 11] . [15] presented the isotopic field-charge spin theory and its possible applications first to the description of gravitational interaction (at FERT 2011), and it was followed by other papers [13, 17, 18, 19] . It was shown that the presence of a kinetic field, with a velocity dependent metric and isotopic field-charges (namely in that case: distinguished gravitational and inertial masses) require a (velocity arrowed) direction-dependent, anisotropic (that means, Finsler) geometry [16, 17, 19, 21] . Gravity [45] as a Finslerian phenomenon has been discussed recently by other authors as well (e.g., [3, 32] ; see also 't Hooft [46] appendices A and B, although there without mentioning Finsler). Now, the present paper makes three steps to a further extension of the field theoretic model of the electromagnetic interaction 1 . First, it introduces the isotopic electric charges in the classical Maxwell EM theory. It shows that applied alone, the presence of isotopic electric charges destroys the Lorentz invariance of the Maxwell theory. To restore the broken invariance, the paper refers to the conservation of the isotopic field-charge spin, proven in [14] , so that the two transformations applied together ensure the invariance, and save the physical relevance of the theory. Secondly, the author introduces the isotopic electric charges in the classical Dirac equation [20] . At third, he extends the Dirac equation with a kinetic 1 Electromagnetic field theories were related with anisotropic geometries in, at least, two terms. First, the Dirac matrices, introduced in QED [27] (1928) follow the rules of hypercomplex numbers (as shown, among others, by [1] Achiezer and Berestetskii, p. 90). Something similar has been introduced by the help of Clifford algebras in [35] . Later Dirac published two essential extensions to his QED theory [28, 29, 30, 31] . At second, he introduced a curvilinear co-ordinate system in [31] . So, he defined an auxiliary co-ordinate system y Λ , "which is kept fixed during the variation process and use the functions y Λ (x) to describe the x co-ordinate system in terms of the y co-ordinate system." He defines the y system "so that the metric for the x system" be This metric, which then appears in the Hamiltonian of the electromagnetic interaction, was the first step to a later Finsler extension. Some consequences have been discussed in [8] , [47] , [44] and [40] . Concerning the parallel presence of a scalar and a kinetic gauge field, authors of [42] enlarge the configuration space by including a scalar field additionally, and taking anisotropic models into account too.
field, introduced in [12] . The main part of the paper discusses this extended equation. The discussion of the Dirac theory was treated also in [24] by de Haas, E.P.J., nevertheless, there without this kinetic extension. [33] studied also the metric of Dirac's field theory with kinematic conditions, in a similar, but also in a little different context.
If one observes certain formal similarity to the introduction of the Aµ and Bµ gauge fields in [49] , as well as to the discussion of the proportionality of the g and g' coupling constants to the electron charge -that is not by chance. Nevertheless, the similarity is merely formal. I would like to underline here the differences. The Dµ gauge field in this paper differs from Weinberg's Bµ gauge field in its physical interpretation (cf. the derivation of the components of Dµ in sec. 5.3.2) . Concerning the proportionality between the two kinds of coupling constants/electric charges, in contrast to [49] this paper places the emphasis on the difference between the two kinds of masses. Otherwise, these minor alterations do not influence the conslusions (cf., e.g., (20a) in sec. 7 of [22] ).
Isotopic electric charges in classical EM
According to the isotopic field-charge theory [14] , we can replace the charges appearing in our equations by two different (isotopic) charges, a Coulomb-type one, and a kinetic-type one. The Coulomb-type charge is associated with the potential part of the Hamiltonian (V), and the kinetic type with the kinetic part of the Hamiltonian (T), and they appear in the components of a current density respectively.
In classical electrodynamics, the A µ four-potentials of the electromagnetic field were invariant under Lorentz transformation, and the four-current j ν components transformed like a vector. We assumed, that the sources of the Coulomb force (qV) are different type charges, than moving charges as sources of currents (qT). The same charges play both roles (cf. covariance), we assume only, that in the two situations they behave as two isotopic states of the same physical property (i.e., field-charge). Provided, that the fourth component (in + + + -signature) of a j ν current density, namely j4 = icρ contains a different kind of chargedensity (ρV), than those moving (current-like, kinetic) charges (ρT) in ji (i = 1, 2, 3), the j current would lose its invariance under Lorentz transformation.
We can demonstrate this through the transformation of the Lorentz force: ).
In the traditional picture this formulation applies the identical charge density for all components, F µ and j ν behave like vector components. 
To maintain the required linearity of the Hamiltonian H in pµ one introduces the dynamical variables αi and β which are independent of pµ, i.e., that they commute with t, xi.
Here Dirac considered particles moving in empty space, so that all points in space were equivalent, and one can expect the Hamiltonian not to involve t, and xi. It follows that αi and β are independent of t, xi, i.e., that they commute with pµ (µ = 1, 2, 3, 4), although this latter held only until we did not distinguish gravitational and inertial masses. Dirac introduced his matrices in order to have other dynamical variables besides the co-ordinates and moments of the electron, so that αi and β may be functions of them, and that the relativistic Lorentz invariant wave function depended on these variables. Dirac's wave equation took the form:
According to our assumptions, from here on we should modify the clue followed by
Dirac. This equation must lead to a condition where we consider that the interacting two charges are carried by particles with masses in two isotopic field-charge (IFC) states, one of them in potential, the other in kinetic state. Since the masses of the carriers appear explicitly in β, we have to introduce two kinds of β, corresponding to the two states: βV and βT. We have to note that for the sake of relativistic invariance of the four-momentum's square the mass square in the equation (1a) must be equal with the rest mass. We will see, this is -at least numerically -equal with the potential (gravitational) mass: mV = m0. We make a qualitative distinction between the masses mV and mT, where the numerical value of the kinetic mass at relativistic velocities is (here m0 is the rest mass of the particle, and v is the velocity of the particle in kinetic state relative to the interacting other particle in potential state). This qualitative distinction will obtain significance later. Thus the equation (2) 
In order to agree with Eq. (1) in the form accordance with [14] that a particle in a kinetic state interacts always with another, which is in potential state -we must demand that the coefficients fulfil the conditions: These coincide with the conditions deduced by Dirac (the only difference is the qualitative replacement of m 2 by m V m T , taking into account the above notice on the relativistic invariance of the four-momentum's square), and they involve that the derived Dirac matrices will not take different forms in our treatment either.
The condition (d5) deserves some attention. Since there appear qualitatively different β V and β T we cannot commute β and p 4 . We get:
and from here:
If m T is stationary, then either ψ is stationary too, or m V = m T , that means, the gravitational and the inertial masses are of equal value in rest. If the value of m T is changing in time, then m V ≠ m T . The potential (gravitational) mass coincides with the rest mass of the given particle and is stationary. What is changing along with the velocity (by the Lorentz transformation), that is the kinetic (inertial) mass. We see, the equivalence of gravitational and inertial masses is one of the conditions to derive the Dirac equation, and this condition follows from (d1)-(d5), read from the conditions set up for the α and β coefficients.
(The condition (d4) makes possible to conclude a similar expression for the gradient of the i-th component of the kinetic mass current in the form, what we can neglect in slowly changing systems, especially near to the rest.
However, we cannot disregard it for we discuss a relativistic theory. )
Replacing αi and β with appropriate practical multiplets and notations, Dirac introduced the matrices named after him.
In the presence of an arbitrary electromagnetic field with a scalar potential Φ = A4 and vector potential A, we substitute p4 +(eT/c)A4 for p4, and pi+(eV/c)Ai for pi in the Hamiltonian for no field, where eV and eT denote the potential (Coulomb) and kinetic (Lorentz) charges.
Note, that according to the assumption introduced in the IFCS theory [16] , there appear potential charges in the scalar field potential (A4), which interacts solely with kinetic charges, and vice versa, there appear kinetic charges in the vector field potential (A), which interacts ( )
solely with potential charges. Similar to mT, eT takes also three different values according to the spatial directions, like three components of a three-vector. However, I must mention, that eT transforms with the velocity in a different way than mT. In fact, it is not just the value of the charge of eT, what changes at relativistic velocities, rather the charge density.
Introducing the above deduced conditions in the equation (3), the Dirac matrices, which follow from those conditions, and make the mentioned replacements to consider the effects of an electromagnetic field on our wave equation, we obtain:
(According to the convention, we replaced the ρ matrices applied in Dirac's original (1928) paper with the more widespread γ matrices, so that ρ1 = -γ5 and ρ3 = γ4, and also in accordance with the convention, we replace the original h in Dirac's equations with ћ. To get a more easily comparable equation with the original, derived by Dirac -among other algebraic transformations -we make also the following replacement: 
where e' is a quantum mixture of eV and eT. The charges appear under the derivation, because the value of eT changes in relativistic covariant fields (for it is a function of its velocity in the given frame, cf., e.g., [1] §22), and we are free to write eV also under the time derivative, because the derivative operator has no effect on the potential charge eV. More precisely, it is rather the density of eT, wich changes with its velocity. So, in the following, I will replace the isotopic charges eT with ρT and eV with ρV in the formulas.
The expression in the first [ ] bracket in (5) -with the mentioned alteration in the charges -coincides with the quadratic form of the Dirac equation.
Equation (5) differs from Dirac's result essentially in the last, additional term:
This expression can be written by inserting the p4 and p operators in the following:
The components in this term can be regarded as the additional energy of the interacting two massive, electrically charged particles due to their assumed additional degree of freedom (arbitrary positions in the IFCS field). They express the effect of the relativistic mass increase -difference between the "dressed" and "bare" masses, i.e., the In rest (when mT = mV, ρT = ρV), equation (5) coincides with the Dirac equation.
However, in relativistic covariant fields the charges of both the gravitational and the electromagnetic fields will differ not only qualitatively, but also in their quantity, and we must take into account the last term. The appearance of this last term brings in the already acquainted (cf., [14] , secs. 3 and 3.2) inconvenient, but not unexpected, asymmetry in our theory that should be counteracted by the presumed new symmetry transformation between the states of the isotopic field charges. 10 The effects of the operators in the two [ ] square brackets in (5) must be equal: 
In 
holds either in rest when quantitatively mT = mV, or when the value in the square bracket is 0.
The form of equation (5) guarantees that in boundary conditions our result coincides with the traditional. In a state close to rest, the second part vanishes and we get back to the well known Dirac equation (6) . In extreme relativistic situation, when mT >> mV = m0, (we can neglect the first component in (5), and) we get Eq. (7), and can divide the full modified Dirac equation by (mT -mV). Eq. (7) can be written in a Schrödinger type form of a wave equation. The Dirac expression in the square bracket in Eq. (7) can be transformed in: ( , grad ) We can construct the Lagrangian of the interacting coupled two-electron system in the fields of each other from this Hamiltonian. Due to the two kinds of charges, this L differs 3 Later, Dirac [29] considered that the classical theories of electromagnetic field are approximate and are valid only if the accelerations of the electrons are small. He stated that the earlier problems of QED resulted not in quantization, rather in the incompleteness of the classical theory of electrons, and one must try to improve on it. For this reason, he proposed to replace the application of the Lorentz condition with a gauge theory. He emphasised also the Hamiltonian approach instead of the Lagrangian one. He introduced a function λ (which was different from the quantity introduced by Feynman [34] ) and got a current ∂ ∂ = . This method resulted in the conclusion that the theory (as expected) involves only the ratio e/m, not e and m separately. This [29] theory did not introduce the interaction of the electron with the electromagnetic field as a perturbation, like in the 1929-1932 Dirac-Fermi-Breit theories. The electron of that new theory could not be considered apart from its interaction with the electromagnetic field. As Dirac mentioned: "The theory of the present paper is put forward as a basis for a passage to a quantum theory of electrons. ... one can hope that its correct solution will lead to the quantization of electric charge ..." and "... questions of the interaction of the electron with itself no longer arise." Then, a further model by Dirac [31] p. 64) provided a possible solution for eliminating the runaway motions of the electron. Dirac's [29] paper was an attempt to exclude approximations by perturbation in either direction. It was in harmony with the aim of Bethe and Fermi [4] to show the equivalence of the perturbations applied by Breit [7, 8] and Møller [38] . In this respect Dirac's models were kin to the present attempt, in which, instead of a perturbation, we acknowledge the asymmetric roles of the interacting charged particles (as it can be read originally in [38] ) and apply a gauge theory that has led us to a quantised theory. Certain ideas are borrowed here from [43] . The theory applied in this paper to QED and having been proposed in a general form in [14] eliminates the runaway motions of the electron too, although in an alternative way. 4 At the end of their paper Bethe and Fermi ([4] p. 306) showed that the formula introduced by Møller holds also when one of the interacting particles is in bound state. They consider also the option that the two interacting particles emit two quanta, but they reject it, because (for symmetry consideration for the momentums of the two quanta) they take into account only identical type quanta to be emitted and absorbed. (Although, the emission of one quantum painted another asymmetry in the picture, in which they aimed at eliminating the asymmetry caused by Møller's scattering matrix.) This conclusion by Bethe and Fermi is a result of their artificial symmetrisation of the potentials, and does not arise in the theory set forth, among others, in this paper. For those, who are interested in the problem of identity and non-identity of particles, as well as symmetrisation, more detailed analyses are recommended in [26, 16] .
from the usual form that appears in most textbooks. In principle, one can derive the nonlinear charge-four-current from this L. The condition of linearization is that the gauge field, in which the charges ρT and ρV can substitute for each other, become invariant under an arbitrary gauge transformation. I will consider the interaction with a kinetic, concretely, IFCS gauge field in the next section.
Isotopic electric charges in the presence of a kinetic gauge field
Let's introduce a kinetic gauge field D similar to the general field-theoretical approach in [14] . As we saw in section 2 that the vierbein j ν does not transform like a vector, we cannot Thus, in the multiplication in (9) we considered the following equalities: 
Coincidence with the classical Dirac equation in boundary case, when no kinetic field is present
The first line of the operator in Eq. (10), W expresses the first three elements of the classical Dirac equation, with the modifications that it contains (a) the isotopic electric charges, and (b) the kinetic vector potential D of the considered kinetic field.
The magnetic and the electric moments
The two elements in W A -considering the isotopic electric charges -coincide with the two elements of the classical Dirac equation as discussed in section 3, and yield the magnetic and the electric moments of the electron interacting with the electromagnetic field, respectively.
The magneto-kinetic and electro-kinetic moments
The essential difference, compared to the Eq. (5) 
( ,rot ) ( , )
Here C i jk are the structure constants appearing with the multiplication of Di-s, and g is the coupling constant for the electromagnetic interaction. C i jk are the coefficients in the commutation rule of the generators (transformation matrices) of the symmetry group of the kinetic (isotopic field-charge) field, as we saw in [14] . Since this field is subject of an SU ( [14] , the isotopic field-charge spin (including also the isotopic electric charge spin) is a conserved quantity, so it must commute with the Hamiltonian.
The magneto-kinetic moment
The first term in Eq. (11) The full magnetic moment of the interaction (with a mass-dimension divider), in the presence of the kinetic gauge field, will be:
The electro-kinetic moment
The third term in Eq. (11) is similar to the expression got for the electric moment of the EM field in the line 2 (W A ) of (10), extended also with a gauge term. It can be considered in a similar way, like in Dirac's theory, as an "electro-kinetic" additional energy of the electron. Also, similar to the
  is apparently imaginary too. However, this is only an appearance. Dirac observed the following: "It is doubtful whether the electric moment has any physical meaning" as a result that the multiplication, due to which the imaginary term appeared, was an artificial involvement in the equation. Note, that while σ1 and σ3 are real, σ2 is imaginary, so iσ2 is real, and only iσ1 and iσ3 are imaginary. (At the same time, the second component in the magnetic moment is also imaginary, due to the imaginary character of σ2.) In contrast to the original Dirac equation in the case of the extended Dirac equation, the multiplier of the three-vector σ (or γ5σ) is a sum, which includes the components of the velocity-dependent field. In the presence of the kinetic field D, one can choose the co-ordinate system fitted to the electron's velocity arrow so that the multiplier of the imaginary σ2 be non-zero. Then, the expression will yield a real term for the sum of the electric and the electro-kinetic energy, while there will be left two imaginary terms for the multiplication by σ1 and σ3, whose sum should be made equal to 0, and provide a constraint for the energy of the interaction. Note, that these two expressions are not fully imaginary, since D4, depending on the fourth component of the velocity, is imaginary itself. On the other side, the multiplier of σ2 contains an imaginary component, too (grad2D4). With these conditions, one can eliminate the imaginary terms in , 0 3  3  4  3  5  3  3  4  3   2   5  3  4 3  3 4  2   1  1  ( , grad  )  ( , grad  ) , 0 
We add from among the multipliers of σ2:
Provided that the components of the A vector potential and the value of the interacting charges are known, we have got a set of differential equations to determine the components of Dµ, and the actual value of the velocity arrowed parallel to σ2, in each space-time point.
The reference frame, in which we calculated the constraints for D, rotates together with the kinetic charge density ρT. This choice provided a restriction for the interacting system, while at the same time, it made us possible to calculate the exact forms of the components of Dµ in the given reference frame.
Considering also the assumption formulated in section 5.3, the set of differential equations reduces to the following: . We have not experienced such moment in the classical Dirac theory. 5 In contrast to the Pauli-Dirac treatment [27] , this moment is a measurable quantity. Further conclusions are discussed in [22] .
Concluding remarks
(1) The potential mass and charge appear in the Coulomb potential and do not change with increasing velocity. The kinetic mass and charge appear in the kinetic part of the Hamiltonian, and change with the velocity. All other terms in the Hamiltonian behave in a similar way. Therefore, the two kinds of constituents of the Hamiltonian cannot be contracted, like in the classical Dirac QED. The difference between the potential and kinetic charges and masses were considered by Weinberg [49] integrated in the two kinds of coupling constants (cf., his Eq. (15), p. 1265).
Weinberg described a renormalisable model of spontaneously broken symmetry between electromagnetic and weak interactions, by a two step perturbation, introducing the photon and the weak intermediate bosons as gauge fields. At the end of his paper he put the question: "... what happens if we extend it to include the couplings of Aµ and B µ to the hadrons?" (p. 1266). That was a first step towards the unification of his combined electroweak theory with the strong interaction. The present paper derived the electromagnetic theory by the help of another two-step perturbation (A µ and D µ ), starting from a kinetic extension of the Dirac equation.
(2) The novelties in this paper can be most easily understood by starting with the Eq. (10).
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